Context: Breast cancer is the most common malignancy in females. It is routinely classifi ed according to the WHO histological typing. However, there is also a molecular classifi cation of breast cancer which is routinely substituted with surrogate subtypes based on expression of estrogen, progesterone, and human epidermal growth factor receptor 2 receptors and proliferation index (PI). PI is defi ned as the percentage of Ki-67-positive cells among overall cell population. The method commonly applied by pathologists to determine PI is visual scoring of the sample. Strict recommendations for PI assessment do not exist. Thus, the mode of PI evaluation differs signifi cantly between pathologists. Aims: The aim of our study was to evaluate the daily approach to defi ning the PI. Settings and Design: Four practicing nonscholar pathologists were asked to evaluate PI in cases of invasive breast carcinoma. Subjects and Methods: The study was performed on a group of 98 patients diagnosed with invasive breast carcinoma. Immunohistochemical reaction was performed with monoclonal antibody against human Ki-67 antigen using Ventana BenchMark XT. Statistical Analysis Used: Results were compared using Pearson's and Spearman's rank correlation coefficients and Fleiss and Cohen's kappa values. Results: Statistical analysis showed pairwise Pearson's coeffi cients ranging between 0.77 and 0.84 (P < 0.001) and Spearman's rank correlation coeffi cients ranging between 0.68 and 0.83 (P < 0.001). The Fleiss kappa value for the 14% cutoff point was 0.58 whereas for the 20% cutoff point was 0.60. The pairwise Cohen's kappa values ranged from 0.45 to 0.69 for the 14% cutoff point and 0.53 to 0.67 for the 20% cutoff point. Friedman's rank ANOVA test showed signifi cant differences among the four pathologists (P < 0.001). Conclusions: Our study shows a signifi cant difference in results and methods of evaluation of PI between pathologists.
INTRODUCTION
Breast cancer is the most common malignancy in females with an age-standardized incidence rate of 43.1/100,000 women per year. [1] Thus, it is of great interest to clinicians, pathologists, and basic research scientists. There are a few classifications of breast cancer. The most commonly used classifications are WHO histological classification and molecular subtypes. Research based on gene expression arrays identified four molecular subtypes of breast cancer , differing in natural history and response to therapy. [2, 3] However, it is impossible to use molecular techniques in routine diagnostics due to high cost and the need for trained personnel, specialized equipment, and sophisticated methods of tissue acquisition and fixation. Therefore, the surrogate definitions of subtypes were based on immunohistochemistry (IHC). [3] [4] [5] [6] The subtypes include luminal A-like, luminal B-like, human epidermal growth factor receptor 2 (HER2)-positive, and triple-negative [ Table 1 ]. To classify breast cancer cases into these types, the IHC assay of estrogen receptor (ER), progesterone receptor (PgR), HER2, and Ki-67 protein needs to be performed. Expression level of these factors is evaluated by pathologists during routine pathological examination.
Defining breast cancer subtype is of key importance because it determines treatment scheme. Tumors positive for ER belong to luminal-like types which are further divided into luminal A-like and luminal B-like types. Breast cancers negative for ER and PgR and positive for HER2 belong to HER2-positive type, whereas those negative for all of the above-mentioned markers are classified as triple negative. [4, 6] Both proliferation index (PI) and the level of PgR expression are currently used to distinguish between luminal A-and B-like subtypes. Based on the initial gene-expression research, the ≥14% cutoff point for PI was accepted to define the luminal B-like subtype. [5] It was later adopted into routine diagnostics and recommended by St. Gallen consensus in 2011 [4] [ Table 2 ]. However, it was later modified at St. Gallen conference in 2013. The 20% cutoff point for PI has been accepted by most of experts. [3] Moreover, tumors positive for ER and with low level of PgR expression (<20%) were included into luminal B-like group regardless of PI. [3] There is also a third luminal subtype called luminal B-HER2-positive. It is defined as ER-positive tumor with overexpression or amplification of HER2, regardless of PgR and Ki-67. [3] The determination of ER and PgR and HER2 status is based on generally accepted guidelines [3] which are included in recommendations for pathological reporting. [7] Evaluation of Ki-67 status is more challenging. Generally, Ki-67 is the most widely accepted marker of proliferation activity. It is so because Ki-67 is expressed in all phases of the cell cycle other than G0. [8] Proliferation activity is determined as the percentage of Ki-67-positive cells among overall cell population, the measurement commonly known as PI. The routine method of Ki-67 antigen detection is IHC with anti-Ki-67 antibody on slides obtained from formalin-fixed paraffin-embedded tissue blocks.
Pathologists are now required to determine PI to 1% accuracy. The method commonly applied by pathologists to determine PI is visual scoring of the sample. In practice, the nuclei are rarely counted one-by-one in microscopic field to determine a precise quotient of Ki-67 positive and total sum of nuclei. Instead, PI is estimated roughly by eyeballing.
SUBJECTS AND METHODS

Patients
The study was performed on a group of 98 patients diagnosed with invasive breast carcinoma between 2012 and 2013 at the Lower Silesian Oncology Centre. The material consisted of 50 mammotome biopsies, 19 trucut biopsies, 7 lumpectomy, 13 quadrantectomy, and 9 mastectomy specimens. Their surrogate biological subtypes according to St. Gallen 2011 recommendations are listed in Table 3 .
Ethics, consent, and permissions
The study was approved by the Bioethical Committee of Wroclaw Medical University and the Director of Lower Silesian Oncology Centre.
Immunohistochemistry
IHC reaction was performed with monoclonal antibody against human Ki-67 (Clone 30-9, Ventana Medical Systems, Inc., Tucson, AZ, USA) and ultraView Universal DAB Detection Kit (Ventana Medical Systems, Inc., Tucson, AZ, USA). The procedure was performed automatically using Ventana BenchMark XT, in line with the producer's manual.
Measurements
PI was scored visually by four pathologists blinded to each other's scores. The mode of scoring was significantly different among specialists. The pathologists were asked to fill in the survey regarding the mode of PI assessment [ Figure 1 ]. The questions were as follows: • Do you take hotspots or randomly chosen areas into account? • Having assessed the first area, do you examine an adjacent or a remote field? • Do you count cells one-by-one or by eyeballing? • How many areas do you examine?
• What magnification do you use? • What is the brown color (DAB, Diaminobenzidine) intensity cutoff value?
Statistical analysis
Statistica 12 (StatSoft, Tulsa, OA, USA) and Microsoft Excel Software were used for statistical analysis. Pearson's coefficients and Spearman's rank correlation were calculated for each pair of observers. Interobserver agreements were assessed with Cohen's kappa for each pair of observers and Fleiss kappa for all sets of 
RESULTS
The mode of PI evaluation differed significantly between pathologists as shown by results in Figure 1 . Hotspots were chosen by all but one pathologist (pathologist 4). Pathologist 1 was the only one to have taken into account the areas adjacent to each other. Pathologists 1-3 did their count by eyeballing, whereas Pathologist 4 counted the nuclei one-by-one. The number of areas examined differed significantly between the pathologists and was as follows: 3, at least 5, 4, and 20. All but one observer did their count using ×400 magnification. Pathologist 3 used ×200 magnification. Pathologist 1 counted all brown-colored nuclei regardless of intensity, whereas the other observers took into account nuclei with 2+ or higher intensity. The results of PI assessment for each case and observer are shown in Figure 2 . The pairwise Pearson's coefficients were as follows [ Figure 3 ]: 0.82, 0.84, 0.77, 0.83, 0.75, 0.76 (P < 0.001). The Spearman's rank correlation coefficients were the following [ Figure 3 Table 4 ]: 0.66, 0.67, 0.53, 0.67, 0.53, and 0.56. Friedman's rank ANOVA test showed significant differences among the four pathologists (P < 0.001). However, post hoc tests showed statistically significant differences only between PI values assessed by Pathologist 4 compared to the other observers [ Table 5 ]. The differences between Pathologists 1, 2, and 3 were not statistically significant (P value of Friedman's test excluding Pathologist 4 was 0.16).
DISCUSSION
PI determined as a percentage of Ki-67 antigen-positive cancer cells is an important marker in tumor diagnostics. It is of great value in breast cancer because it is used to distinguish between luminal A-like and luminal B-like subtypes. [3, 9] The ≥14% cutoff point for PI best correlated with the initial gene-expression definition of luminal B type. [5] It was later accepted by St. Gallen consensus in 2011 to be used in routine diagnostics [4] and modified at St. Gallen conference in 2013. A level of ≥20% has been accepted by most of experts to define luminal B-like subtype. [3] The current St. Gallen 2015 recommendations that were announced to the public while this paper was being written maintain the role of the Ki-67 marker in differentiating between luminal A-like and luminal B-like HER2-negative breast cancer. [9] It is also stated that "Ki-67 use requires knowledge of local laboratory values" and "the minimum value of Ki-67 required for 'luminal B-like' was for the majority of the panel 20%-29%. About one-fifth (of voters) stated that Ki-67 should not be used for this distinction." [9] Our fellow pathologists and we call into question the St. Gallen recommendations formulated by clinical oncologists without taking into account the opinion of pathologists. It is noteworthy that European pathologists and clinical oncologists rely more strongly on Ki-67 index than their American colleagues. It is reflected in the College of American Pathologists Cancer protocol template for breast biomarker reporting which states that "routine testing of breast cancers for Ki-67 expression is not currently recommended by either American Society of Clinical Oncology or the National Comprehensive Cancer Network." [10] The aim of our study was to evaluate the daily approach to defining the PI. Ki-67 assessment has been discussed in several papers. However, they are based on their respective authors' work only. In the present study, we asked our colleagues who are practicing nonscholar pathologists to define PI by the method they use in their daily practice. They were unaware of the scientific approach that was used to evaluate their results. That was to ensure that PI was evaluated without "science-induced bias." Moreover, due to anonymity, the observers were unrestricted and were not afraid that their mode of assessment would be criticized by others.
The pairwise Pearson's coefficients ranged from 0.75 to 0.84 (P < 0.001), whereas Spearman's rank correlation coefficients were 0.67-0.83 (P < 0.001). These results were similar to other authors' findings (Pearson's coefficients 0.73-0.91, P ≤ 0.0001; Spearman's rank correlation 0.74-0.91, P ≤ 0.0001; three observers, thirty cases). [11] The Fleiss kappa value for the 14% cutoff point was 0.58 whereas for the 20% cutoff point was 0.60. Other authors reported Fleiss kappa as 0.65 for the 14% cutoff point (four observers, 99 cases). [12] The pairwise Cohen's kappa values ranged from 0.45 to 0.69 for the 14% cutoff point (0.54-0.69 when Pathologist 4 was excluded) and 0.53-0.67 for the 20% cutoff point (0.66-0.67 when Pathologist 4 was excluded). Other authors divided their group into three categories depending on PI values: ≤8%, 8%-30% and >30%. The Cohen's kappa values were 0.56-0.72 (five observers, ten cases). [13] In yet another study, there were three groups of patients: ≤15%, 16%-30%, and >30%. The Cohen's kappa values differed significantly from ours (0.13-0.61; three observers, thirty cases). [11] Friedman's ANOVA with post hoc Bonferroni adjustment showed a statistically significant difference between Pathologist 4 and other observers (P = 0.0002).
What are the causes of significant differences between Pathologist 4 and other observers? There are a few factors that affect PI evaluation results. One of them is the selection of areas. It goes without question that giving the precise number of Ki-67-positive nuclei is impossible. Even if we spared no effort to count them, a bias would still exist resulting from tumor sampling on gross dissection and slice cutting. Thus, evaluation of PI on the basis of a few areas selected by the observer is all that can be done. The International Ki-67 in Breast Cancer Working Group recommends that PI "should be scored in fields that are seen to be representative on an initial overview of the whole section." [8] The authors state that heterogeneity "can occur" and hotspots "may occur." In our opinion, Ki-67 staining heterogeneity occurs in almost all cases of breast cancer [Figures 4 and 5 ]. Hence, using the words "may" or "can" seems inappropriate. Even in cases that seem to be otherwise homogeneously stained, the heterogeneity is apparent on precise counting. The difference in PI between the fields that appear to be equal can reach as much as 20% for one-by-one counting in the image displayed on the computer screen (unpublished results). In the present study, Pathologist 4 chose a random representative area in the scanning view fields, whereas other observers evaluated PI in hotspot areas. In similar studies, hotspot areas were preferred. [11, 14] In November 2012, an informal breast pathology group of the Polish Society of Pathologists decided to choose one hotspot and count nuclei in areas adjacent to it [ Figure 1 ], which was an unprecedented approach. In the present study, Pathologist 1 chose this way of counting.
The International Ki-67 in Breast Cancer Working Group recommended to count at least 1000 cells and suggested that 500 cells should be accepted as the absolute minimum. [8] However, our fellow colleagues and we agree that it is impracticable in laboratories like ours, where a significant number of breast cancer specimens need to be examined. We also maintain that in countries with substantial shortage of pathologists, precise one-by-one counting of tumor nuclei may delay the diagnosis. Thus, in daily routine diagnostics, PI is estimated roughly by eyeballing. In our survey, three out of four persons semi-quantitatively estimated PI by eyeballing, whereas Pathologist 4 stated that he counted the nuclei precisely. The mode of counting applied by Pathologist 4 was to precisely count the nuclei in twenty cells squared area for each twenty fields evaluated. In their study, Vörös et al. observed that all three persons did their count using their individual approach. Pathologist 1 counted 100 cells (positive and negative) and then determined the number of positive nuclei in the same 100 cells. [11] Observer 2 counted ten tumor cells to estimate the area encompassed by these cells. Then, the positive nuclei were counted in the area 10 times greater. Observer 3 determined the number of the stained nuclei in twenty or thirty cells and then multiplied the proportion by four or three. [11] In the study by Mikami et al., each pathologist applied two different modes to assess PI. [14] First, the percentage of positive nuclei was estimated semi-quantitatively and then subdivided into ten groups every 10%. In the second method, 1000 nuclei in total were counted including the stained ones. [14] We agree with other authors that ×400 magnification should be applied. [11, 15, 16] In our study, one person (Pathologist 3) used ×200 magnification. The Ki-67 staining intensity can be different between nuclei in the tumor [ Figure 6 ]. Several authors recommend to count all the positive nuclei regardless of intensity. [8, 17, 18] In our study, only one person, Pathologist 1, counted all brown-colored nuclei regardless of intensity. The other observers took into account nuclei with 2+ or higher intensity. Other authors observed that pathologists do not take "very weakly, faintly staining nuclei" into account. [11] Varga et al. investigated the relevance of difference in staining intensity taken into account by different observers. Their results suggest that this is not the factor that significantly influences the interobserver variability. [13] PI scoring in breast cancer is of key importance because it plays critical role in distinguishing between luminal A-like and luminal B-like subtypes of breast cancer. In turn, cancer subtype determines treatment scheme. The 20% cutoff point for PI has been accepted by most of experts according to St. Gallen 2013 and 2015 recommendations. [3] 
CONCLUSION
Our study revealed significant differences between pathologists asked to evaluate PI. Considering 20% cutoff point, the significant number of patients would be differently classified into low and high proliferative activity group [ Table 6 , asterisks (*)]. These patients would have been administered different therapeutic strategies. On account of this, the issue of significant interobserver variability has been often raised during pathology conferences. [19] However, there is still lack of precise, generally accepted, guidelines on how PI should be measured. [19] Financial support and sponsorship Nil.
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